Objective: Across all stages of Alzheimer disease (AD),
N europsychiatric symptoms are frequently associated with cognitive deficits during the progression of Alzheimer disease (AD) and other dementia. Among them, apathy is one of the most common neuropsychiatric symptoms across all stages of AD. 1, 2 Studies using the Neuropsychiatric Inventory (NPI) 4 show that apathy is present in up to 70% of individuals with AD. In these patients, presence of apathy is associated with earlier institutionalization, and faster functional 5 and cognitive decline. 6 In addition, presence of apathy is also associated with higher risk of conversion from mild cognitive impairment to AD. 7 Apathy assessment is usually based on a structured interview, using input from either the caregiver and/or the patient. The NPI apathy item is the most widely used measure for assessing apathy in clinical research. Recently, diagnostic criteria for apathy have been proposed. 8 A forthcoming version of the NPI, specifically designed for clinicians (NPI-C), will incorporate symptoms proposed by these diagnostic criteria for the apathy item. 9, 10 It has also been proposed that, in addition to current tools, new technologies such as actigraphy could provide an objective assessment of apathy.
Ambulatory actigraphy, consisting of a piezoelectric accelerometer designed to record arm movement in three dimensions, has been proposed as a method for objectively evaluating different disorders including sleep-wake disorders, 11, 12 Attentiondeficit/hyperactivity disorder, 13 and periodic limb movement disorder. 14 Actigraphy has been used to evaluate agitated behavior in neurodegenerative disorders. Significant correlations have been observed between Cohen-Mansfield Agitation Inventory total scores and mean wake time according to actigraphic measurement. 15 Actgraphy has also been used to study psychomotor retardation in psychiatric disorders: depressed patients after 4 weeks of treatment with imipramine were found to have increased mean motor activity during wake. 16 More recent studies have shown that actigraphic locomotor activity assessment may be a useful, objective method to evaluate the severity of apathy in AD patients [17] [18] [19] and in patients with acquired brain damage. 20 The aim of the present study is to evaluate the relationship between apathy severity and 7 days of actigraphic-assessed levels of daytime motor activity among AD outpatients.
MATERIAL AND METHOD

Sample
One hundred seven individuals with an AD diagnosis were recruited in two centers: 80 participants at the Centre Hospitalier Universitaire de Nice Memory Center and 27 participants at the Stanford/Veterans Affairs National Institute on Aging Alzheimer's Disease Core Center. An AD diagnosis was determined using the NINCDS-ADRDA criteria. 21 Patients were not included if they had a history of head trauma with loss of consciousness, psychotic or major depressive disorder, or aberrant motor activity (tremor, rigidity, parkinsonism) as defined by the Unified Parkinson Disease Rating Scale; 22 had sleep-disordered breathing 23 and/or high fatigue levels; 24 body mass index >30 kg/m 2 ; were undergoing treatment for cancer; or if they had any endstage disease. All patients were free of dopaminergic antidepressant and antipsychotic medications. Cholinesterase inhibitors, if present, were required to be at a stable dose for more than 6 months prior to study participation. Although restrictive and likely not representative of the "average" individual with AD and apathy, these exclusion criteria would allow us to examine the relatively independent effects of apathy on motor activity in those with AD. Each subject and family gave informed consent to participate in the study. Authorization from the Comité de Protection des Personnes Sud-Méditerranée II and the Stanford University institutional review board was granted for this study.
Neuropsychological Assessment
Participants were administered a cognitive and behavioral examination prior to completing the actigraphic assessment. Neuropsychiatric symptoms were assessed using the NPI. 4 The NPI is administered in a structured interview with a caregiver who is familiar with the subject. The subject's level of depression was additionally rated with the Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited.
Montgomery-Äsberg Depression Rating Scale. 25 Apathy was assessed using the NPI subscore (frequency × severity) for apathy. Participants were considered apathetic if their NPI subscore was greater than four. Participants whose NPI subscores were greater than four for other neuropsychiatric symptoms such as agitation, depression, or aberrant motor disturbance that could interact with motor activity were also excluded. Neuropsychological assessment and actigraphic analyses were performed by two independent raters.
In the French sample, apathy was additionally assessed using the Apathy Inventory (AI), 26 designed to evaluate three dimensions of apathy: emotional blunting, lack of initiative, and lack of interest. In agreement with a previous study, participants with an AI total score greater than three were considered apathetic. 17 
Actigraphic Assessment
Participants were asked to wear a wrist actigraph continuously over seven consecutive 24-hour periods, starting at the clinic visit, and their caregivers were asked to complete a 24-hour sleep-wake diary recording the participant's bed and wake times each day. The actigraph was worn on the nondominant wrist and was set to record in 60-second epochs, resulting in a total activity count for each minute of the day (MicroMini, MotionLogger, AmbulatoryMonitoring Ardsley, NY). Participants were excluded if they were not able to wear the actigraph and/or they and their caregivers were unable to complete the diary.
Wake period (daytime period) was defined as the time between final awakening in the morning and sleep onset in the evening, and the sleep period (nighttime period) was defined as the time between sleep onset in the evening and final awakening in the morning. The following actigraphic parameters were measured: 1) Mean motor activity (MMA) was calculated as the mean of all 1-minute activity counts epochs during daytime (dMMA) and nighttime (nMMA) and 2) daytime napping (i.e., number of minutes of napping) was calculated as the average number of minutes of inactivity (minimal movement detected by the actigraphy) between the final wakeup time in the morning and the subsequent bedtime. There was no minimum duration of inactivity set to qualify a period as a nap. All intervals determined by the scoring algorithm as sleeping during the out-ofbed period were considered to represent napping.
Daytime and nighttime actigraphic parameters were analyzed with Action4 software (AmbulatoryMonitoring). Wake and sleep periods were measured using a validated algorithm (Cole-Kripke algorithm in Zero Crossing Mode).
Statistical Analysis
After verifying the normality of distribution, group comparisons were made using a t test or a χ 2 test (for sex ratio comparison). Within-group analysis was performed using a post hoc analysis of variance. Correlations were determined using the Pearson rank correlation coefficient. In addition, a receiver operating characteristic analysis was performed to determine how much dMMA delineates apathy from nonapathy. SPSS 14.0 (SPSS Inc., Chicago, IL) was used to compute statistics. Data are presented as average ± standard deviation.
RESULTS
A total of 11 subjects were excluded because they had NPI subscores greater than four (except for the NPI apathy subscore), five other subjects were excluded because of technical problems with their actigraph, and five more subjects were excluded because the number of recorded actigraphic 24-hour periods was less than three. Characteristics of the 107 AD participants (including participants both with and without apathy) and their actigraphic data are presented in Table 1 . Participants in the French sample were aged 77.5 ± 6.7 years and their mean MiniMental State Exam (MMSE) score was 21.4 ± 4.6. Participants in the U.S. sample were aged 76.2 ± 6.6 years and had a mean MMSE score of 21.37 ± 6.94. No significant differences were found between the two samples for age, sex ratio, and neuropsychological and actigraphic parameters. The percentage of participants with apathy was 37.5% (n = 30) in the French sample and 44% (n = 12) in the U.S. sample (the overall percentage of apathetic participants was 39%), a difference that was also not statistically significant. Mean NPI subscores for agitation, irritability, depression, anxiety, and motor aberrant behavior, Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. which may be potential confounding factors for actigraphic locomotor activity, were at low levels (NPI subscores <2, except for NPI-apathy subscore). The two AD subgroups (apathy versus no apathy) did not significantly differ by MMSE score and were equivalent in terms of NPI subscores for depression, agitation, and aberrant motor behavior (Table 1) . Participants in the apathy subgroup were slightly, but significantly older (78.8 ± 4.7 versus 76.2 ± 7.45, Table 1 ). Although our a priori hypothesis was to examine mean MMA, we also explored other mathematical transformations of the data. MMA was significantly correlated with and not significantly different from MMA without 0-activity counts, median of locomotor activity, area under the curve of locomotor activity (p < 0.01, Pearson r > 0.85, df = 106). Given the similarity in the terms, we decided to use the mean MMA score to evaluate locomotor activity. We compared nMMA within (day number effect) and between (with or without apathy) subgroups (Figure 2) , and found no statistically significant differences within each subgroup (one-way ANOVA, p > 0.05, all F < 2.5, df = 1, 105) or between the two subgroups (p > 0.05, all t > − 1.5, df = 105). However, both the dMMA and the mean duration of napping were significantly lower in the subgroup with apathy ( Table 1) . dMMA significantly correlated with the NPI subscore for apathy (Pearson r = −0.439, p < 0.01, df = 106) and with the mean duration of napping (Pearson r = − 0.65, p < 0.01, df = 106). In addition, we found a significant correlation between dMMA and the NPI subscore for sleep (Pearson r = -0.34, p < 0.01, df = 106). To determine how much dMMA distinguishes apathy from non apathy, a receiver operating characteristic analysis was performed. Using a balanced approach for sensitivity (81%) and specificity (71%), an optimum measure was obtained using a cutoff of mean dMMA equal to 161.2 (arbitrary actigraph unit) (Figure 3 ).
Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. In the French sample, for which data from the AI are available, dMMA correlated negatively with the three dimensions of apathy: emotional blunting, lack of initiative, and lack of interest (Table 3) . Using partial correlations controlling for age, MMSE and Montgomery-Äsberg Depression Rating Scale total score, correlations between dMMA and the three apathy dimensions remained statistically significant.
DISCUSSION
In the present study, individuals with AD and apathy had significantly lower mean motor activity during the daytime than those without apathy. This result is in agreement with previous studies 17, 20 and suggests that apathy measurement using actigraphic measurement of daytime mean motor activity is a simple and objective method of discriminating apathy. In our study, apathy was also correlated with the number and duration of naps, as suggested in Muller's study, such that those with apathy had higher mean duration of daytime napping. How- ever, the definition of daytime napping differs among studies: some studies (as did ours) have no minimum duration of inactivity set to qualify a period as a nap, 27 while others require at least 5 minutes of inactivity with sleep diary confirmation in older subjects 24 or 10 minutes in older dementia patients. 28 Actigraphy is, in fact, quite poor at discriminating daytime napping (i.e., immobility on a background of movement) from quiet wakefulness. 29 As such, although there is good evidence that daytime inactivity can be considered a marker of apathy, there is insufficient evidence to conclude that apathy is associated with increased daytime napping. Daytime napping increases with aging. 30 A reduction in daytime napping has been associated with an improvement in mood and functional status in institutionalized demented patients. Daytime sleepiness was also found to be associated with greater impairment in functional status in AD patients. 31 Recently, Merlino and colleagues 32 showed that excessive daytime sleepiness was the only sleep disturbance significantly associated with the presence of demenCopyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. tia in older individuals. This association increased progressively with the severity of different categories of cognitive decline, suggesting that it could be an early marker of neurodegenerative disorders, including AD, in some older adults. 32 In our study, neither the presence of apathy nor a decrease in daytime MMA was associated with a change in nighttime MMA, indicating that reduced daytime activity likely does not lead to an increase in nighttime motor activity. In our previous study, 17 we found negative correlations between mean motor activity and only two dimensions of the Apathy Inventory, lack of initiative and lack of interest. This result led us to hypothesize that actigraphic measurement of motor activity could be an indirect evaluation of goal-oriented motor behaviors. In the present study, however, all three dimensions of apathy, including the emotional dimension, negatively correlated with levels of daytime locomotor activity. In our earlier study, motor activity was monitored by actigraphy over a 75-minute period during a standardized neuropsychological evaluation at the memory clinic. Apathy assessment over seven 24-hour days, such as occurs in the present study, appears to be easier to administer and a more accurate assessment method for several reasons. First, equipping ambulatory individuals for 7 days and analyzing their data 7 days later rather than calibrating a precise 75-minute neuropsychological evaluation at the memory clinic was less restrictive of researchers' time and effort. Second, actigraphic data obtained over 7 days at the subject's home probably reflects a more naturalistic spectrum of activity levels than actigraphic data gathered during a 75-minute face-to-face interview in the clinic. In other words, the use of 7 days of ambulatory, in-home Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited.
collection of motor activity is probably a more ecologically valid assessment and more congruent with the diagnostic criteria for apathy. 8, 33 In these criteria, apathy is defined as a disorder of motivation that persists over time.
There are some limitations to the present study. First, all recruited patients had low NPI subscores for behavioral disturbances known to potentially interact with actigraphic analysis. Although apathy is present in the early stages of AD and is its most common behavioral symptom, patients often exhibit several different behavioral and psychological symptoms in dementia. Thus, ambulatory actigraphy might be less useful in cases where apathy is associated with agitation, depression, or tremor. Ambulatory actigraphy has found increased motor activity in cases with comorbid agitation 15 and aberrant motor disorder (tremor, 34 rigidity, dyskinesia), and decreased motor activity in cases of depression. 35 However, more recently, no significant correlations were found between Unified Parkinson's Disease Rating Scale tremor scores and activity levels. 35 Further studies that did not exclude patients with potentially confounding behaviors and symptoms would be useful to evaluate the utility of ambulatory actigraphy for the routine assessment of apathy.
A final remark concerns the phenomenology of apathy. Apathy includes cognitive, behavioral, and emotional symptoms, 36, 37 and it can be argued that actigraphy only captures behavior and not emotion. This is similar to using classical assessment in that it does not cover enough of the aspects of apathy. Descriptive results concerning the use of diagnostic criteria in clinical practice 32 have indicated that goaldirected cognitive activities and goal-directed behaviors are the most frequently noted dimensions in those with apathy and these, of course, could not be detected by actigraphy. This indicates that a composite of measures are needed to tap the various cognitive, behavioral, and emotional aspects of apathy.
There is growing interest in neuropsychiatric symptoms in the study of AD since they can be present from the earliest stages and may constitute markers of disease progression. These symptoms are responsible for a large share of the suffering of patients and caregivers, and strongly determine the patient's lifestyle and their management. It is therefore important to have both good subjective and objective methods to assess these symptoms. Our data indicate that reduced daytime MMA could be a good marker for apathy in those with AD, which could help as both a diagnostic tool and in the surveillance of pharmaceutical treatments and the development of new drugs.
